Based on the practical engineering application, This paper analyses the inverter strategy of SVPMW. Aiming at the refining problem of sine function value table, on the basis of unrefined sine function value table, through additional two-stage filter, the inverting result of the inverter is greatly improved. The harmonic wave is effectively suppressed and the output wave of the inverter is much more close to sine wave. At last, the Matlab simulation and setting up of the experimental platform of the inverter validate the effectiveness of the additional two-stage filter.
Introduction
Along with the shortage of traditional energy and growing demand of energy resource, the exploitation and application of new energy have become the inevitable trend in today's world development [1, 2] . As one kind of clean energy, solar energy has gained more and more attention of people. However, PV panel can only convert solar energy to DC electric power, which can't meet AC load demands of daily production and life. By means of PV inverter which can convert DC electric power to common AC electric power, the utilization of solar energy technology has obtained terrific promotion.
Inverter technology is one of the basic forms of electric power conversion. In general, inversion means using power electronic devices and trigger strategy to convert DC to AC which is provided for the load or power grid. In recent years, space vector theory of motor is introduced to inverter and inverter's control. Increasingly, the thought of SVPWM control is formed and developed. The principle of the thought is utilizing different combination of bridge arm switch signal of the inverter to make the moving trajectory of the output voltage space vector of the inverter approach to a circle as close as possible [3] . SVPWM inverter strategy has been widely applied to different kinds of inverters because of the advantage of higher utilization of DC voltage, lower AC harmonic wave against other strategies.
Design and improvement of the inverter
The main circuit of PV inverter is showed as figure 1, which is composed of DC power supply, inverter bridge, filter circuit and three-phase load. In this paper, the traditional three-phase bridge inverter structure is adopted and MOSFET transistor is choosed as the switch transistor to construct the main circuit of the inverter. is small enough, the trajectory of voltage space vector is an equilateral polygon whose shape approximates to a circle.
Fig.2 linear combination of voltage space vector
According to sine law of the triangle, we have
In which, PWM T and out U is predetermined; θ can be determined by the product by output sine voltage angle speed ω and PWM nT . Thus, when the two basic neighbored voltage space vector x U and 60
x U ± are determined, in Eq. 2, the action time of 1 t and 2 t are accordingly determined.
In order to modulate the angle speed ω to achieve the purpose of frequency conversion, zero vector action time 0 t is added during PWM T period, there is:
For purpose of making the speed of flux linkage smooth, zero vector is generally equally divided into several parts which will be inserted into the trajectory of the flux linkage in a multi-point way, however the sum of the action time is still 0 t [4, 5] .
At present, the popular seven section PWM wave of voltage space vector consists of three section zero vectors and four neighbored non-zero vectors. Besides, the three zero vectors respectively locate in the beginning, center, and end of the PWM wave [6, 7] Improvement of the inverter. According to Eq. 2, the calculation of 1 t and 2 t needs the help of sine This paper adds a two-stage RC filter circuit between the output end and the load, so as to reduce the harmonic component in the inverted output wave without amplifying the storage space of the sine function value table. Compared with the traditional inverter which adopts only one-stage filter circuit, the employment of two-stage filter circuit can remove the still larger harmonic component after the first stage filtering, which ensures the better output wave of the inverter. For the sake of highlighting the impact of rough sine function value table, there are 90 sine values stored in the table, the interval among the values is 1  .
The required frequency of sine wave is 50Hz, in terms of one-order LPF(Low-Pass Filtering) transfer function:
With the passband edge frequency substituted to Eq.4, there is 2 1 1 2 ( RC) 1 c f = + (5) In which, c f is the passband edge frequency.
In this paper, passband edge frequency of the first-stage filter is 100Hz, passband edge frequency of the second stage is 60Hz. With simple calculation, the required parameters are: 1 
The structure of the two-stage RC filter is showed in the figure below.
Input Output Fig.3 Structure of the two-stage RC filter
Simulation Experiment
The simulation model of the inverter is set up with MATLAB/Simulink and showed in figure 4 . Universal bridge/Mosfet is choosed to compose the three-phase bridge inverter; 7 section voltage space vector PWM wave is generated by Discrete PWM Generator whose carrier frequency is 18 KHz. The three-phase load is a 10 KΩ resistor. Fig.4 Structure of inverter simulation If there is only one-stage RC filter, the phase voltage of the inverter output A and B is showed in Fig.5 . We can easily find that the distortion of the phase voltage, the inverting effect is not satisfying. Fig.5 Inverter output with one-stage RC filter If we adopt two-stage RC filter, the phase voltage of the inverter output A and B is showed in Fig.6 . The output of the inverter phase voltage is close to sine wave, the inverting effect is ideal. 
Experimental Verification
In this paper, TMS320F2812 chip is selected to realize the control strategy of SVPWM. This chip has a high dominant frequency of 150 MHz. The internal hardware circuit of the chip has two functional event manager. Each manager can generate 3 pairs of complementary PWM waves which has dead time. Base on the properties given above, the design of the hardware and software of the inverter is greatly simplified, meanwhile, the accuracy and stability of the inverter is hugely improved [8, 9, 10] .
There is an opto-coupler between the output signal of TMS320F2812 and main circuit of the inverter. The opto-coupler can effectively protect the control circuit. In this paper, we choose HCPL0631 as the fast opto-coupler. Because the main circuit of the inverter is three-phase bridge inverter circuit, so the drive chip could be IR2136 which is qualified for high frequency work. The dead time of IR2136 is 250ns and on/off time is 400ns. Apart from this, IR2136 has the ability of dead zone protection, which means the chip can effectively protect the main circuit. As for MOSFET, we choose IRF3205, which is highly reliable and solid. We choose a 10 KΩ resistor as the analog three-phase load which is star join. From the above mentioned, the two-stage filter SVPWM inverter experimental platform is constituted, which is showed in Fig.7 .
Fig.7 Experimental platform of PV inverter
The real output of the SVPWM inverter with one-stage inverter is showed in Fig.8 . According to the phase voltage wave of phase A and B of the inverter filtered by one-stage RC filter, we can find that the filtering effect of the one-stage RC filter is not ideal. In terms of Fig. 9 , by conducting the FFT analysis of wave of phase A, it is easily found that the one-stage RC filter has some inhibiting effect on the harmonic effect of the output wave, however, the effect isn't obvious enough. The second and higher harmonic wave still exists, the inverting output wave has not reached the expected inverting effect. In order to improve the distortion of the output wave of SVPWM inverter with one-stage filter, we design SVPWM inverter with two-stage filter, the wave of phase A and B is showed in Fig.9 , from which, we can find that the phase difference is 120  and the wave approximates to sine wave without any distortion. Clearly, the two-stage RC filter effectively improve the inverting effect. In terms of Fig. 9 , by FFT analysis of wave of phase A, the second and higher harmonic wave is almost filtered, and the output wave is vastly modified so as to achieve the expected outcome. 
Conclusion
This paper introduces the basic theory of SVPWM inverter modulation strategy and analyzes the deficiency of this strategy in the practical application. Based on the analysis above, the two-stage filtering method is proposed to improve the deficiency. By adopting two-stage RC filtering between the inverter and load, we can make the refining sine function value table needn't take plenty of place in the control chip. By experiment and simulation, the effectiveness of two-stage RC filter. According to the facts that there is no apparent distortion in the output wave through two-stage RC filtering and the wave is close to sine wave, the prospect and range of application of inverter is enlarged.
